Summary The initiation of a cultured human colon carcinoma line on a feeder layer of confluent fibroblasts is described. Attempts to initiate cultures without fibroblast feeder layers were not successful. Two sub-lines (designated HCT C and HCT C Col) were isolated and weaned from cells growing on the surface of the feeder layer. The sub-lines had different morphologies, secreted different levels of carcinoembryonic antigen (CEA) into the medium of confluent cultures and had slightly different karyotypes. Both sub-lines grew in semi-solid medium and formed xenografts when injected s.c. in to athymic nude mice. Analysis of radioiodinated cell membrane components indicated small, but significant differences between the sub-lines.
Feeder layers of normal cells have frequently been utilized as an aid in the establishment of tissue cultures from a variety of human tumour specimens including mammary carcinoma (Smith et al., 1981) , lymphoma (Epstein and Kaplan, 1979) and retinoblastoma (Gallie et al., 1982) . Recently, we described the establishment of human colonic carcinomas in tissue culture (Brattain et al., 1981a) . We observed that some primary cultures contained several types of malignant cells as judged by the different morphologies of cells growing on the surface of the fibroblast feeder layer. Heterogeneity of the malignant cell compartment comprising human solid tumours is currently recognized as a potentially important obstacle in several therapeutic treatment modalities of cancer Heppner et al., 1978) . In addition to the clinical problems posed by heterogeneity of the malignant cells, minority subpopulations may contribute significantly to the determination of such biological properties of the tumour as metastatic or invasive abilities (Fidler, 1978; Poste & Fidler, 1980) . Consequently, the identification and characterization of subpopulations of malignant cells from individual tumours is of potential importance to both the treatment and understanding of cancer. Utilizing a feeder layer of normal human colon fibroblasts we have identified two morphological subpopulations of cells from primary tissue cultures of a human colon tumour. We describe the establishment, isolation and characterization of two sub-lines of malignant cells from these primary cultures.
Tissue culture A human colon carcinoma (designated HCT C) and normal human colon were provided by the UAB Tissue Procurement Service. The sample of normal colon was obtained at the time of colon resection for carcinoma in February, 1979 while the resection for HCT C was performed in April, 1979 on a different patient. Procedures for preparing the specimens for culture were identical and have been described for colon carcinomas in detail (Brattain et al., 1977a, b; 1979; Brattain, 1979) . Briefly, the specimens were minced to small pieces (1-2 mm3) and extensively washed in McCoy's tissue culture medium supplement with 20% fetal bovine serum (FBS) and antibiotics (4.3 /ugml-P gentamicin, 90 jugml-l streptomycin, 90 Uml-penicillin and 2.5 ,ug ml-1 Amphotericin B). Subsequently, the specimens were disaggregated with 0.25% trypsin (Grand Island Biological Co., Grand Island, N.Y.) for 8 periods of 20 min. After each period of digestion the fragments of tissue were allowed to settle, the supernatant was decanted and cells recovered by centrifugation for 7.5 min at 97g. Recovered cells were > 90% viable by trypan blue exclusion. Approximately 107 cells from normal colon (designated M cells) were utilized for the inoculation of 75 cm2 plastic flasks. The same number of cells from HCT C was utilized for the inoQulation of 25 cm2 plastic flasks. Of the 10 flasks inoculated with HCT C cells, 5 contained confluent monlayers of M cells while the other 5 contained no additional cells. Cultures were maintained in the tissue culture medium described above (except that the level of FBS was reduced to 10%) at 37°C in a humidified atmosphere of 5% Co . Monolayers of M cells containing malignant cell2s continued to survive for -3 months after inoculation of the malignant cells. At this time malignant cells were weaned from the fibroblasts by differential trypsinization for the removal of fibroblasts with the retention of epithelial colonies as we have previously described (Brattain et al., 1981a,b All characterizations were performed with malignant cells which had been weaned from human fibroblasts by differential trypsinization as described above. Determination of growth in semisolid medium was performed by inoculating 5 x 104 cells in medium containing 0.5% agarose over under-layers of medium containing 1% agarose in 9.6 cm2 tissue culture dishes as previously described (Brattain et al., 1980) . Growth was determined by microscopically counting colonies of _ 20 cells at weekly intervals. Cultures were incubated at 370 in a humidified atmosphere containing 5% Co2. Control dishes were examined immediately after solidification of the 0.5% agarose layer containing single cells and fixed in 1% glutaraldehyde for future comparison with experimental dishes.
Growth on mouse fibroblasts was determined by plating 5 x 104 malignant cells on confluent monolayers in 25 cm2 flasks. Resultant colonies (.50 cells) were scored microscopically at weekly intervals. Flasks were given complete medium changes 4 days after seeding and prior to counting on the 7th day.
The effects of mouse fibroblasts on growth in 0.5% agarose were determined by utilizing the fibroblasts as feeder layers in the sytem described above. Fibroblasts were plated onto 9.6 cm2 tissue culture dishes and allowed to grow to confluency. Medium was removed and the fibroblasts were then covered with a layer of medium containing 1% agarose. After overnight equilibration at 370 in a humidified atmosphere containing 5% CO 5 x 104 cells in medium containing 0.5% agarose were plated onto the dishes as described above. It was necessary to perform these characterizations with mouse fibroblast because during the course of the establishment of the carcinoma cell lines, the M cells became senescent losing their ability for cell division.
Carcinoembryonic antigen (CEA) was determined by radio-immunoassay as we have previously described (Kimball & Brattain, 1978) . Assays were performed with spent media (filtered through 0.22p Millipore filters) which had been in contact with confluent cultures for 72 h.
Formation of xenografts in athymic nude mice BALBC athymic nude mice were injected s.c. with 5 x 106 malignant cells from tissue cultures which had been weaned from the human fibroblasts as described above. Tumours appeared within 1 week and continued to increase in size (3-5 cm diameter) until animals were killed for further experiments (1 month post-injection). The tumours were removed from animals and prepared for tissue culture as described for the human specimens above. In some cases, part of the tumour was stored in formalin for subsequent histological examination. Cells (5 x 104) were plated on to confluent mouse fibroblasts in 25 cm2 tissue culture flasks containing no additional cells as described above for characterization of malignant cells obtained directly from tissue culture.
Radioiodination and electrophoresis of cell membrane components Cultured cells were labelled at confluency by the commercially available lactoperoxidase-glucose oxidase Enzymobead system (Bio Rad, Richmond, CA. USA). Cultures were labelled at confluency in order to provide a reference point in their growth to maximize their reproducibility of labeling. Briefly, cultures were washed 3X in phosphate buffered saline, (PBS, pH 7.0) after which the cultures were labelled for 45 min at room temperature by 100,1l of Enzymobead reagent and 1 mCi of Na125I in 1% ,B-D-glucose in PBS. The reaction mixture was removed, cultures were washred 3X with PBS and the cells mechanically harvested by scraping. Cells were osmotically lysed in lmM phenylmethylsulfonyl fluoride (PMSF) with periodic vortexing for 20 min. Membrane fractions were separated from cytoplasmic components by centrifugation. Electrophoresis of cytoplasmic fractions indicated that no cytoplasmic proteins were radiolabelled, thus indicating that although total cellular membrane material was recovered from radioiodinated cells, the label was restricted to plasma membrane components. Membrane pellets were solubilized in 3% sodium dodecyl sulfate (SDS), fl-mercaptoethanol (5%), PMSF (2mM) in PBS for 20 min at 100°C. The suspension was centrifuged to remove any remaining insoluble material and the supernatant taken for electrophoresis which was performed in SDS. Electrophoresis was carried out in 10% polyacrylamide gels at 10mA/gel until tracking dye had migrated to within 1 cm from the end of the gel. Molecular weight standards (Bio Rad, Richmond, CA, USA) were electrophoresed concurrently. After electrophoresis gels were mechanically sliced at 1 mm intervals and counted in an LKB model 1275 Minigamma counter. Karyology Actively-dividing cells were exposed for 2 h to 0.1 jug ml -1 Colcemid (Grand Island Biological company). They were then removed from the 25 cm2 flasks using 0.2% pronase (Sigma) in Hank's Balanced Salt Solution (HBSS) and centrifuged for 5 min at 100g. The cells were incubated in -5 ml of modified hypotonic KCI solution (0.75M) for 20 min. The KCI solution contained 5 x 10-4M Ouabain (Sigma) to increase the effectiveness of the hypotonic solution (Yunis & Chandler, 1978) . Next, the cells were fixed for at least 2 h in Carnoy's fixative (3:1, methanol; acetic acid). The fixative was changed 3-4 x to eliminate cellular debris and allow for better chromosomal spreading. Following fixation, the cells were air-dried on microscope slides and the chromosomes stained for G-bands by modification of the method of Seabright (1972) . Briefly, slides were aged for 3 days and subsequently incubated in a trypsin-EDTA solution of 1.5 ml trypsin and 4 mg EDTA ml-HBSS for 30-120 sec. The slides were then rinsed in HBSS and stained for 7 min in 10% Geimsa solution (Gurr's Giemsa "R 66" in Gurr's buffer pH 6.8). clusters (Figure 2 ) and was designated HCT C, while the other grew as tightly packed, polygonal shaped cells (Figure 3 ) and was designated HCT C Col. Once the primary cultures on feeder layers almost totally covered the flasks, the process of weaning the malignant cells from the fibroblasts was commenced. As previously described, limited trypsinization was utilized to initiate cultures containing a mixture of fibroblasts and malignant cells (Brattain et al., 1981b) . After the secondary flasks grew to near confluency, cells forming grapelike clusters were easily removed from the cultures by mechanical manipulations and transferred to new flasks. The newly inoculated flasks contained a higher ratio of malignant cells to fibroblasts than the flasks from which they were transferred. This process was repeated several times until flasks of morphologically pure malignant cells growing in grape-like clusters were obtained. These cells were designated HCT C cells (Figure 2) . The malignant cells growing in tight epithelial-like clusters were obtained by trypsinization of the flasks from which (Figure 3 ). (Table I) . Essentially the same extent of growth was obtained with HCT C Col cells (data not shown). Colony formation on confluent fibroblasts was approximately 1.5 x higher than feeder layers. bcolony formation is expressed as colonies observed 100%
# cells plated # cells plated amounted to 24ng 10-6 cells. Production for confluent cultures of HCT Col was 442ng 10-6 cells.
Iodinated cell surface components Typical electrophoretic profiles for HCT C and ( Figure 8c ). The remaining 10% of the cells also showed an additional chromosome 7 with random loss of other chromosomes. Chromosome 7 was over-represented in 8/9 lines and, in addition, this chromosome 7 was the site of the highest incidence of structural modifications observed in the lines. Genes for the receptor for epidermal growth factor and the histones have been assigned to chromosome 7. The biological and biochemical differences between the sub-lines we have observed may be related to the additional chromosome 7 found in HCT C Col and/or differences in the expression of other areas of the genome.
Interestingly, the sub-lines with the more aberrant karyology appeared to be the better differentiated of the two by morphology ( Figure.  1 ). HCT C Col grew in distinct epithelial-like colonies while HCT C grew as loosly adherent, rounded cells. These patterns of growth were retained for both cell lines regardless of whether they were grown directly on plastic or on either type of feeder layer utilized in this study. This observation indicates that the morphologies of the 2 sub-lines were not due to the surfaces on which they were grown. The greater production of CEA by HCT C Col is also of interest in this regard since some investigations have suggested that CEA production may be linked to differentiation (Dexter & Hager, 1980) . Additional molecular differences between the two sub-lines were observed in the SDS-electrophoretic profiles of 1251-labelled surface components. Specific surface components have not been isolated and characterized, thus the diferrences may be of a more quantitative nature. Furthermore, the observed differences in cell surface components may be a reflection of differential accessibility to the radioiodination procedure rather than the presence of qualitatively different components. However, the observation of differences between the electrophoretic profiles of the plasma membrane components of the sub-lines raises the possibility that their different biological properties may be related to cell surface alterations.
Heterogeneity of solid tumours is an important phenomenon which has been addressed in recent reviews Poste & Fidler, 1980) . The phenomenon has been described in human colonic carcinoma (Brattain et al., 1977a, b; 1981a, b; Dexter et al., 1979) . Although C and C Col cells were recognized in primary cultures of a tumour specimen, they may have arisen as a result of selection pressures from in vitro culture. However, the resolution and culture of sub-lines from individual tumours provides a potential model system by which appropriate biochemical and/or immunological reagents could be developed for the purpose of identifying heterogeneous populations in primary tumours. It is important to note that since HCT C Col and HCT C were obtained from the same primary specimen this model system has the advantage that observed molecular differences should be related to the expression of histocompatibility or blood group antigens, a factor which might affect the comparison of cell lines derived from different individuals.
